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Abstract 
Software quality issues are considered as important and critical due to the uncertainties situation 
among stakeholders, users and suppliers to guarantee and assure the status of the software products.  
Previous studies have indicated that some software organizations did not adopt and practice any 
development standards during software development and their products seemed to face quality 
problems throughout its life cycle. At the same time, users claim that software quality is not getting 
improved but deteriorated steadily and worsening. This situation indicates that there is still lack of 
mechanism for monitoring and ensuring the quality status of the software products and third party 
assessment and certification are one option to solve this uncertainty. A new model for software 
certification named as Software Process Assessment and Certification (SPAC) was developed that 
emphasizes on five main factors: the quality of process, the quality of people, the use of development 
technology, the quality of working environment and project constraints. The factors were identified 
through the state of theory and practices.   The practicality of the SPAC model was validated through 
collaboration with industries in Malaysia via case study.  The result of the case study indicates that the 
proposed model is feasible and practical in the real working environment.   
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The significant impact to today economy generates consideration in producing good quality 
software with cost effective development process. Recently, as software usage has been increased, 
quality has become a major strategic issue in software industry.  Previous study indicated that software 
quality issues were considered critical as some of the software organizations still did not adopting any 
development standards and it ended up with products quality problems [1].  It discovers that some of 
the problems are: the software products need further improvement after released and unsatisfied 
customers with the quality or performance of the products.   
In many organizations, software is considered as one of the main asset with which the organization 
can enhance its competitive advantage. To remain competitive, software firms must delivers high 
quality products on time and within budget. At the same time, many complaints have been reported 
regarding the quality of the software. They claim that software quality is not getting improved but 
deteriorated steadily and worsening [2]. This situation reveals that software industry is still lack of 
mechanism for monitoring and ensuring the quality status of the software products. Previous researches 
identified the importance of software quality assessment from the third party’s perspective and view 
[3][4]. The third party assessment requirement can be implemented by certification process through 
process, product or services approach to meet certain requirements or characteristics [5][6].  
In this paper, a certification model by development process approach is proposed. The certification 
model named as SPAC is developed and tested in the real environment and can be used as a 
mechanism for maintaining quality of the software.  The main objectives of this research are to develop 
the software certification model based on development process quality approach and to design and 
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develop a support system for the proposed model. The proposed model is validated through case 
studies which are launched collaboratively in industry in Malaysia. The results demonstrate the 
practicality and reliability of the SPAC model in conducting the certification process.  Furthermore, the 
finding also shows that the defined and derived measurement goals, metric and measures are certainly 
important to ensure the assessment and certification process can be carried out smoothly and 
systematically. 
 The reminding of this paper is organized as follows: Section 2 discusses the issues in software 
certification where several issues that related to software certification and quality will be discussed. In 
section 3, the model of software certification, SPAC will be explained in detail.  The experimental 
model and implementation of SPAC in case studies will be discussed in section 4, while section 5 will 
detail the findings of this research. Conclusion are drawn in section 6 with some possible future 
directions are given. 
 
2. Software Certification Issues 
 
Deming (1982) suggested that the quality of software was very much depended on the quality 
of the processes used to develop it [13]. As been pointed by Hunter (2002), process quality 
assessment can be used to produce valid and accurate quality prediction [14].  Currently, there 
is no standard and practical mechanism to ensure the quality of software product through 
assessment of software development process which can be achieved from certification 
mechanism.  
Certification is "a process to assess and ensure that product, process or service is complied 
with its expected features and specifications" [7].  It can be implemented in three different 
approaches: product, process and people; which also known software certification triangle [8].  
Mills et al. [9] pointed out that software certification as a business measurement that should be 
considered in producing high quality software.  It can enforce discipline by encouraging the 
employment of software engineering best practices and standards during development [10] and 
also serve as mechanism that can generate a form of confidence to users or clients [7][11][12]. 
Mills et al. (1987) has investigated the idea of certification as early as in 1980s [9]. In the 
later years, International Organization for Standardization (ISO) started to include the 
certification as one of the items in its documents (ISO 9000) [15].  Several studies have been 
conducted in the area of software process, but most of the studies focused on improvement 
rather than certification such as ISO/IEC 15504 [16][17] and Capability Maturity Model (CMM) 
[20]. On the other hand, the ISO 9000 [18][19] provides a mechanism for certification but only 
on the quality system of an organization. 
Certification based on certain quality standard, such as the ISO 9000 series and Software 
Engineering Institute’s Capability Maturity Model Integration (CMMI) have been popular 
among software vendors in Europe and the United States. CMMI is a process improvement 
model for software development and the basic idea of its implementation is through maturity 
concept. This model made certain that every organization has a certain capability to produce 
software.  Similarly, few other researchers focused on process assessment such as SPICE [21] 
and Bootstrap [5]. Both projects were based on European standard and the relationship between 
development processes and the attainment of some desired degree of product quality was not 
well established.    
The certification models based on end-product quality approach have been invented by 
researchers such as Aziz et al. [22][23], Voas [24], Lee, Ghandi & Wagle [25] and Heck, 
Klabbers & Eekelen [26]. These approaches to software certification mostly rely on formal 
verification, expert reviews, developer assessment and software metrics to determine the 
product quality. Another approach is by integrating ISO 9126 model as the certification quality 
benchmark such as Good Software [27], Requirement-driven Workbench [25] and SCM-Prod 
[22]. These models can be applied to generic software assessment with static attributes such as 
portability, usability, reliability, maintainability, functionality and efficiency [31] and [32] 
shows how the unmeasurable software quality attributes can be measured using measures and 
matrices.   
The assessment and improvement model that involve people also has been introduced. This 
assessment involves accrediting developers for demonstrating specific skill sets and assessing 
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the code’s behavior. Example of people certifications are People Capability Maturity Model 
(PCMM) that was first released in 1995 by Software Engineering Institute [28]. The PCMM 
helps organizations to address their critical people issues successfully such as guiding 
organization in improving their processes for managing and developing their workforce. 
 
3. SPAC: Software Process Certification Model  
 
The Software Process Assessment and Certification model (SPAC) is a software certification model 
developed based on the believe that the quality of software product is determined by the underlying 
process used to develop it. The model is formulated by referring to several existing models or standards 
of Software Process Quality, which are Capability Maturity Model (CMM), ISO/IEC 15504 (is also 
known as SPICE), an international standard that derives for software process assessment, ISO 
9000:2000 and ISO 9000-3, and Bootstrap, a software process evaluation and improvement 
methodology for the European software industry. 
SPAC model focuses on assessing and certifying the quality of software development process. 
Two methods defined in SPAC are determination of  i) the quality level that represents the 
capability and achievement of individual practices and, ii) the certification level that represents 
the intensity of the whole software process.  Therefore, results from the certification process not 
only represent the strength and competence of a software organization but also as a possible 
way to encourage management for continuous improvement. 
The SPAC model consists of the following components: the Software Process Quality Factor 
(SPQF), the SPAC method, certification object, certification technique, certification team, and 
certification outcome (refer to Figure 1).  The SPQF is a goal oriented reference model defined 
“what” need to be assessed.  In principal, the certification process focuses in five main factors: 
process, people, development technology, working environment and project constraints.  These 
factors are identified through theoretical review on the factors that influence the development of 
high quality software product and also empirical study.  Since these factors cannot be measured 
directly, each of them is decomposed into at least one sub factor.  The hierarchy of sub factors 
to be measured in the SPAC is presented in Figure 2.  Each sub factors are then derived into a 
set of quality attributes and measures.  The detail description of SPQF can be found in [29] [30].   
  
 
Figure 1. The SPAC Model Components  
 
Furthermore, SPAC method defined “how” the certification needs to be carried out.  It is a group 
based assessment and collaborative approach.  This approach combines self and third party assessment 
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collaboratively involved in the assessment process. Advantages from this approach are the certification 
process can be carried out faster, emphasized on fairness and impartiality. Moreover, the certification 
data are collected through multiple fact finding techniques which are document review, interview and 
observation.  Finally, the certification results are generated into two levels that are the quality level and 
the certification level.  The next section presents in detail how the results can be determined. 
  
 
Figure 2. Hierarchy of Sub Factors in SPAC Model 
  
3.1. The Quality Level  
 
As mentioned earlier, in SPAC model each sub factor consists of a set quality attributes (or sub 
factors).  The quality attribute is assessed by one or more measures.  The measures represent specific 
practices that need to be performed to ensure the quality of developed software product.  The measure is 
assessed using five scales and each scale will be converted to the equivalent integer value between 0 to  
4.  In the SPAC model, the Quality Level is introduced to present the achievement or performance of 
each quality attribute.  It is divided into five levels of performance which are “Fully Satisfied”, 
“Satisfied”, “Moderate”, “Partially Satisfied” and “Fully Dissatisfied “ as adapted from ISO / IEC 15504 
[17].  This adaptation is considered useful for emphasizing the continuous quality improvement concept 
in the SPAC model.  The Quality Level is determined based on percentage of the Quality Score Value, 
QSV which is calculated using the following equation:  
 
 
                      QSV =                                                                                              equation 1.0                                                                                                                 
 
 
where:  n is the total number of attributes, 
k is position of the latest measure,  
S represents the score/scale value that given for the measure (k) which either 0, 1, 2, 3, or 4 
 
 
The value of QSV is presented in the range 0% to 100% satisfactory.  Table 1 presents the interval 
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80 <QSV ≤ 100 Fully Satisfied (4) 4 
The quality attribute has been properly applied 
using a systematic approach. 
60 <QSV ≤ 80 Satisfied (3) 3 
The quality attribute has achieved a satisfactory 
level of performance based on applying 
appropriate systematic approach. 
40 <QSV ≤ 60 Moderate (2) 2 
A systematic approach has been used but still 
not uniform in all measures. Performance for 
attribute quality still needs to be strengthened. 





The practices in this quality attribute are not 
systematically implemented and below average, 
needs further enhancement. 
0 ≤ QSV ≤ 20 Fully Dissatisfied (0) 0 
Performance of the quality attribute is not fully 
satisfied which most of the important practices 
are not practiced. 
 
3.2 The Certification Level 
  
Meanwhile, the Certification Level (CL) reflects the overall capability of the software development 
process being assessed.  The CL can be determined after the assessment data is completely computed 
and analyzed.  In SPAC model, the technique used to determine the Certification Level is adapted from 
the Grade Point Average (GPA) method.  The GPA method is adapted to determine the Certification 

















   equation 2.0
 
where:  
i is the quality attributes to be evaluated from 1 to n,  
n is the total quality attributes to be evaluated,  
G is the quality level has been obtained by the quality attribute i (the value is between 0 to 4),  
W is the weight given for each quality attribute 
 
The weights (W) for each attribute can be any integer value which represents the priority of the 
attributes.  The value must be flexible and determined by the assessment team.  Currently, this study 
uses equivalent weight value and the weight for each attribute is set to integer value 1.  However, further 
study can be carried out to identify appropriate weight for each quality attribute as different attribute 
might affects differently on the quality of the software.  Hence, the certification process will produce 
more accurate and robust results.  Next, the Certification Level is derived based on the CSA value where 
the study had proposed four levels as presented in Table 2.  
 
4. Implementing SPAC in Case Study 
 
4.1. Profile of Case X 
 
Case X represents the certification process of software development for the Human Resource 
System (HRS).  HRS has been developed by software developers of Information Technology 
Department which located at a large public organization in Malaysia.  The organization was established 
in 1962 and has many branches all over Malaysia with more than 15,000 employees.  The development 
of HRS was mainly focused on to overcome weaknesses of the existing system which were difficulties 
in accessing information, not uniform information between modules due to the repeated entry and, high 
probability of errors because calculation was done manually before entered into the system. It involved 
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massive data of old HRS. HRS System was built based on structural approach. It has eight main 
modules: services and personnel, payroll, leave, medical, training and career, loan, internal affairs and 
others. At the time the case study was implemented, the system has been completely developed and 
ready to be delivered.  
 
Table 2. The Certification Level 
Marking Scheme Certification Level (CL) Description 
3.69 ≤ CSA ≤ 4:00 Level V 
The software development process has been effectively and 
efficiently performed which all (or nearly all) of the quality 
attributes achieve “Fully Satisfied” level. 
3:00 ≤ CSA ≤ 3.68 Level IV 
The software development process has been fulfilled where 
most or nearly all of the quality attributes achieve 
“Satisfied” level. 
2:50 ≤ CSA ≤ 2.99 Level III The software development process has accomplished the intermediate or average level. 
2:00 ≤ CSA ≤ 2:49 Level II Almost all of the practices in software development process have not been implemented properly. 
CSA <2:00 Level I 
The software development process fails to perform good 
practices.  The processes have been performed using ad-hoc 
approach and not following any specific software 
development methodology. 
 
4.2 Assessment and Certification Process of X 
 
Data collection for this certification exercise completed in four days. The activities were conducted 
in three phases: preparation phase, implementation phase and post assessment phase.  
Preparation Phase: 
In this phase a brief meeting was conducted with the assessment team and the manager of Project 
and Application Section. The briefing was given including the objective of the assessment, assessment 
techniques and the expected input from various participants in the assessment. The stakeholder of the 
system recommended and offered this software to be assessed and certified in this exercise. 
The project manager of HRS worked collaboratively with the assessor by introducing the team with 
the developer team and all related information and background information on HRS development.  
Implementation Phase: 
In this phase, data gathering was conducted with various data collection techniques: document 
review, interview and observation. During the observation, has shown that the organization has a 
conducive and safe working environment.  While in document review process, the following 
documents were reviewed: requirement specification, design, user acceptance document, technical 
review report and human resource development plan. In the interview activity, three sessions were 
conducted which involved different categories of staff: project leader, software developers, and senior 
officer at the department. Issues concerned during the interviews were the following: - the development 
process, the user involvement, top management commitment, standard and procedure, and quality. 
Post Assessment Phase: 
At this stage the Quality Score Value (QSV) and Certification Score Average (CSA) were computed 
as explained in section III. A technical report was produced at the end of this activity and was delivered 
to the management of organization X.  
 
5. Results and Discussion 
 
The detail analysis and findings of Case X are shown in Table 3 and Table 4.  These tables 
demonstrate the QSV score, quality level (QL) and Quality Grade (QG) for all quality attributes 
defined in SPAC. The values of QG are derived from QL. The values are referred in Table 1. The 
achievement of five main factors as shown in the tables will be explained in the following sections. The 
factors are: development process, people, technology used, project constraint management, and 
working environment.  
a) Development process   
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The first factor was development process. The findings above showed that the requirement 
management activity had been done in a good and satisfied quality approach. This finding also showed 
that the organization had put enough emphasis on standard and procedure in ensuring the software 
requirement elicitation had been carried out complete and comprehensive.  Nevertheless the testing 
activity needed to be improved and taken more consideration. Similarly, the design and coding activity 
were required to be improved and enhanced. The practices in these activities would reflect the 
unsatisfactory impact to the quality aspect of the developed software.   
b) Management of process  
The next analysis was the analysis of each activity in management process. The findings showed that 
all activities fulfilled the standard and achieved the performance up to satisfied except the quality 
management activity. The quality management activity was not been considered and focused in the 
processes and thus the score obtained was Fully Dissatisfied. The organization was recommended to 
focus more on this aspect to ensure the quality of the software developed in a good standard quality. 
 





Completeness	(M1)	 80	 Satisfied	 3	Consistency	(M5)	 92	 Fully	Satisfied	 4	Accuracy	(M9)	 75	 	Satisfied	 3	
Prototype	 Completeness(M42)	 100	 Fully	Satisfied		 4	
Design	 Completeness	(M2)	 54	 Moderate	 2	Consistency	(M6)	 63	 Satisfied	 3	Accuracy	(M10)	 50	 Moderate	 2	
Program	Coding	 Completeness	(M3)	 58	 Moderate	 2	Consistency	(M7)	 25	 Partially		Satisfied		 1	Accuracy	(M11)	 88	 	Fully	Satisfied	 4	
Testing	 Completeness	(M4)	 52	 Moderate	 2	Consistency	(M8)	 0	 Fully	Dissatisfied	 0	Accuracy	(M12)	 0	 Fully	Dissatisfied	 0	
Support	System			 Resource	
Management	
Completeness	(M28)	 75	 	Satisfied	 3	
Training	Program	 Completeness	(M29)	 92	 Fully	Satisfied	 4	
Staff	Affairs	 Completeness	(M30)	 100	 	Fully	Satisfied	 4	
Documentation	 Completeness(M31)	 75	 Satisfied	 3	
Technology	 Standard	and	
Procedure	
Completeness	(M43)	 0	 	Fully	Dissatisfied	 0	
Tool	&	Technique	 Completeness	(M40)	 75	 Satisfied		 3	
Process	Origin	 Completeness	(M41)	 90	 Fully	Satisfied		 4	
 
c)  Support System 
The support system component had been identified and consisted of resource management, 
training program, staff affairs and documentation. All of these activities were at the level of 
Satisfied and Fully Satisfied as shown in Table 3. 
d)  People 
The quality of people involved in the development was the next factor to be assessed in this 
model. This factor was measured by the quality of the developer, user’s involvement and 
management involvement and commitment.  Based on the analysis (Table 4), it has discovered 
that all quality attributes achieved above 60% and thus equivalent to Satisfied except the 
management skill among people in the development team. It was recommended that the 
management of this organization to look more detail in these few aspects to enhance the quality 
level among the developer team. The skills needed to be enhanced include the interpersonal, 
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management and technical skill, and team commitment.  In term of user involvement, this 
organization provided support and commitment in it and the result obtained showed full 
involvement of users in the project. On the other hand, the management involvement and 
commitment were still at the moderate level in this model. 
e)  Technology Used 
The following factor in SPAC that included in the assessment was the technology used in this 
organization to develop software. The measurements were standard and procedure, tool and 
technique, and process origin or methodology. The results showed that for process origin which 
normally refers to methodology was rated fully satisfied, tool and technique was rated satisfied 
while standard and procedure was rated fully dissatisfied.  
f)  Project Constraint 
Two sub factors in project constraint were identified as budget and schedule (refer Table 4). 
Management of budget was implemented successfully which achieved level of Fully Satisfied. 
While for management of schedule, it achieved level of satisfied even though there was a 
slightly delay in the development.  
 
Table 4. Score of quality attributes: Management Process, People, Project Constraint and Environment 
 
g)  Working Environment 
This factor assessed the conduciveness and stabilize working environment. This factor 
obtained quality level of Satisfied as shown in Table 4.  
The discussions above illustrated the detail analysis and results in term of quality of each 
component in SPAC. The analysis showed that for the quality of process, especially for design 





Completeness(M13)	 82	 Fully	Satisfied		 4	Consistency	(M18)	 75	 Satisfied	 3	Accuracy	(M23)	 75	 Satisfied	 3	
Change	
Management	
Completeness		(M14)	 78	 Satisfied	 3	Consistency	(M19)	 75	 Satisfied		 3	Accuracy	(M24)	 75	 Satisfied		 3	
	 Quality	
Management	
Completeness	(M15)	 0	 Fully	Dissatisfied		 0	Consistency	(M20)	 0	 Fully	Dissatisfied		 0	
	 	 Accuracy	(M25)	 0	 Fully	Dissatisfied		 0	
Technical	Review	 Completeness	(M16)	 80	 Satisfied	 3	Consistency	(M21)	 75	 Satisfied	 3	Accuracy		(M26)	 75	 Satisfied	 3	
Risk	Management	 Completeness(M17)	 75	 Satisfied	 3	Consistency	(M22)	 75	 Satisfied	 3	Accuracy	(M27)	 75	 Satisfied	 3	
People	 Developer	 Interpersonal	skill	(M32)	 66	 Satisfied		 3	Management	skill	(M34)	 60	 	Moderate	 2	Technical	skill	(M33)	 79	 Satisfied		 3	Knowledge	(M35)	 75	 Satisfied		 3	Experience	(M36)	 88	 Fully	Satisfied	 4	Team	commitment		(M37)	 75	 	Satisfied	 3	
User	 Commitment	(M38)	 100	 Fully	Satisfied		 4	
Management	 Commitment		(M39)	 60	 Moderate	 2	
Project	
Constraint	
Scheduling	 Accuracy	(M44)	 69	 Satisfied	 3	
Budget	 Accuracy	(M45)	 92	 Fully	Satisfied		 4	
Environment	 Working	
Environment	
Comfort	(M46)	 75	 		Satisfied	 3	Secure	(M47)	 75	 		Satisfied	 3	
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and coding, was still weak and required further improvement.  However, the organization had 
performed a good quality of support process.  Unfortunately, the quality of the management 
process was not systematically performed. Thus, that was the reason why the organization did 
not emphasized on the use of standard and procedure but more focused on final product.  
Moreover, the organization had continuously conducted technical review to monitor the budget 
and schedule of the project.  Thus, the project had been completed within budget and schedule. 
On the other hand for the quality of people involved, overall performance was good.  The 
developers have had good technical skills but for other skills such as interpersonal and 
management skill needed to be improved accordingly. In addition, the organization was 
concerned on staff satisfaction as it provided a conducive, comfort and safety working 
environment.  Based on the findings, it showed that some of the practices in this organization 
were still needed to be improved in order to increase the level of confidence among investors on 
its quality and capability.  
The second step in this assessment was to derive the certification level of Case X.  In this 
model it had been defined that process origin required passing the preliminary assessment in 
order to proceed to certification exercise. Since in this case study the process origin had 
obtained fully satisfaction level, therefore, the compulsory requirement has been fulfilled.    
Once the analysis process was completed, the next step was to assign grade for each quality 
attribute based on the quality level obtained. Table 3 and Table 4 demonstrate the grade (QG) 
obtained by each attributes.  Then by computational equation 2.0 the certification score average 
(CSA) was computed. The computational value of CSA was equal to 2.66 and was then mapped 
into the certification level as shown in Table 2. The result obtained was Certification Level III. 
This indicated that the development process in general had achieved performance of moderate 
where most of the attributes required to be upgraded to improve its quality and quality practices. 





The SPAC model presented in this paper has been developed based on development process 
approach.  The main component in SPAC is SPQF reference model. Through the adaption of the GQM 
method, SPQF model has successfully defined the purpose of performing the assessment and 
certification process, what to be assessed, who will assess and also how to perform the assessment 
process.  It focuses on five main factors, namely process, people, development technology, working 
environment and project constraints.  In this model, for each factors there are at least one measurement 
goals that been defined.  For every measurement goals, questions and metrics associated with the 
factors have been derived.  
The SPAC model has been tested and validated in real case study which involved collaboratively 
with a large organization in Malaysia.  The results have demonstrated the practicality and reliability of 
the SPAC model in supporting the certification process.  In addition, findings from the study show that 
clearly defined and derived measurement goals, metric and measures are certainly important to ensure 
the assessment and certification process can be carried out smoothly and systematically.  For future 
work, this study will focus on improving the SPQF reference model  by including others software 
development practices such as agility and security aspects and correlations between factors. Another 
interesting research area that relate to certification and quality is the measuring of the ageing of the 
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